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Abstract 

Background 
Laparoscopic appendectomy is the treatment of choice for appendicitis 
provided sufficient laparoscopic expertise is available. Theoretically, the 
endostapler might provide a more secure closure of the appendiceal stump, 
yet at higher expenses. The purpose of this study is to compare two strategies 
for the closure of the appendiceal stump in a large retrospective cohort of 
patients. 

Methods 
Laparoscopic appendectomies for acute appendicitis were retrospectively 
reviewed from the operation records of three academic and two regional 
hospitals in the Netherlands between 1-1-2007 en 30-6-2011. The 
endostapler was routinely used in two out of the five hospitals. 

Results 
1036 patients were analysed, of which 571 were routinely treated with the 
endostapler. In 465 patients, the intentional method of stump closure was 
with endoloops. In this group, 69 patients were treated with the endostapler 
on indication. Patient characteristics did not differ between the groups. There 
were no significant differences in the number of intra- and postoperative 
complications between the two groups. In the endostapler group, intra-
abdominal abscesses and wound infections occurred in 3.2 and 0.4% of 
the patients, versus 4.3 and 1.5% in the endoloops group. In a regression 
analysis, the use of the endostapler was no predictor for intra-abdominal 
abscess formation.  

Conclusion 
Routine use of the endostapler did not lead to a significantly decreased rate of 
intra-operative and postoperative complications compared to a strategy with 
routine use of endoloops. The higher costs of routine use of the endostapler 
might therefore not be justified. 
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Introduction

Laparoscopic appendectomy is the treatment of choice for appendicitis 
provided sufficient laparoscopic expertise is available. Known advantages 
are less postoperative pain, shorter hospital stay and less wound infections; 
a significant downside of laparoscopy is the higher prevalence of intra-
abdominal abscesses [1]. Although the surgical technique of laparoscopic 
appendectomy is well established, controversy exists regarding the closure 
of the stump. In the early days the appendiceal stump was secured using 
endoloops, while nowadays some advocate the routine use of the endostapler. 
The endostapler might be associated with a shorter learning curve, shorter 
operating time, reduced complexity of the procedure, less purulent or faecal 
spill and a more secure closure of the appendiceal stump at the expense of 
higher costs. Linear staplers are expensive and require a disposable 12-mm 
port for their introduction. 
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The extra costs for the use of  a stapling device and additional port vary, yet 
can be estimated €300 [2,3]. Free intraperitoneal staples, although usually 
innocuous, represent a potential risk for mechanical bowel obstruction [4,5].
Endoloops are associated with more manipulation of the stump. Moreover, 
they can slip, which can potentially lead to more postoperative infections. 
Loops might not be safe for closure if the base of the appendix is involved 
in the inflammation. If loops are too tight, they can cut into the tissue or 
cause local necrosis, predisposing to stump leakage [2]. Faecal content can 
contaminate the abdominal cavity when the appendix is dissected between 
two endoloops.  
The Achilles heel of laparoscopic appendectomy are infectious complications: 
the prevalence of intra-abdominal abscesses (4.2%) and wound infections 
(0.5%) after laparoscopic appendectomy is small but significant [1]. 
They can lead to readmission, reintervention, additional treatment and 
prolonged hospital stay. Appendiceal stump closure might play a role in 
the occurrence of intra-abdominal abscesses. Two meta-analyses regarding 
this topic concluded that, based on four small and low quality randomised 
trials, only the prevalences of wound infection and postoperative ileus 
were reduced using endostaplers [2-6]. The overall reduction in morbidity 
and cost-effectiveness remains to be solved. To assess whether securing 
the appendiceal stump with an endostapler is superior to closure with 
endoloops, a randomised trial with a group size of at least 1200 patients is 
necessary, which is a major and costly effort [2,3]. For this reason, this study 
aims to compare the two strategies of stump closure in a large retrospective 
series: either with the routine use of the endostapler or with the routine use 
of endoloops, using the endostapler on indication. 

Methods

Operation records from five Dutch hospitals (three academic, two regional 
hospitals) were searched for the operation code ‘appendectomy’ between 
1-1-2007 and 30-6-2011. The five hospitals were invited for their known 
protocols for the routine use of either endostapler or endoloops for 
laparoscopic appendectomy. All patients, 18 years or older, who underwent 
laparoscopic appendectomy were included. Operations converted to open 
appendectomy, elective appendectomies, appendectomies for other reasons 
than suspected appendiceal pathology, and other methods of stump closure 
were excluded (Figure 1). 
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In the abovementioned timeframe, the Academic Medical Centre used 
endoloops routinely. The Erasmus University Medical Centre and the Tergooi 
Hospitals (regional teaching hospital) used the endostapler. The Free 
University Medical Centre primarily used endoloops, then switched to the 
routine use of the endostapler by September 2009.  In the Flevo Hospital 
(regional non-teaching hospital) the standard treatment depended on the 
surgeon: four surgeons applied endoloops, four others routinely used the 
endostapler.  
The standard procedure for laparoscopic appendectomy was a three trocar 
procedure, with trocar ports subumbilically, in the left iliac fossa and 
suprapubically. Appendectomy was performed with either the endostapler 
or with endoloops, depending on the hospital protocol. The meso-appendix 
was dissected from the appendix by coagulation and the appendicular artery 
either coagulated, clipped, or both. The endostapler was fired at the base of the 
appendix with blue cartridges and a 35 or 45mm blade. In case of perforation 
and/or gangrene of the appendiceal base, or involvement of the caecum in 
the inflammation, the stapler was fired at the level of the distal caecum. In 
the endoloops group, loops were placed over the base of the appendix, and 
the appendix was dissected in between. The use of one or two proximal loops 
and one distal loop was the standard. In case of perforation and/or gangrene 
of the appendiceal base, an endostapler was used on indication and placed 
at the level of the distal caecum. In case of adherence of the appendix to 
the surrounding tissue, the appendiceal base was dissected and stapled on 
indication, and the appendix removed retrograde. The dissected appendix 
was removed through a trocar or through a skin incision. An endobag 
was used for removing the appendix through the skin, and optionally for 
removal through a trocar. Local suction and lavage of abdominal fluids were 
performed when cloudy or purulent fluids were present in the abdomen. All 
skin incisions were closed after the procedure. In all patients the fascia of the 
umbilical port was closed and in most patients the fascia of the left iliac port 
was closed when a 10mm trocar had been applied.
One dose of antibiotics was administered to all patients intra-operatively. 
Postoperatively, antibiotics were administered when a gangrenous and/or 
perforated appendix was removed. The most common postoperative regimen 
was a combination of cefuroxime and metronidazole, intravenously for 3 to 5 
days. After discharge, all patients were scheduled for a visit of the outpatient 
department within two weeks postoperatively. When no complications had 
occurred at that point, the follow-up was considered finished. 
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Primary outcome parameters were prevalence of intra-abdominal abscesses 
and wound infections. Secondary outcome parameters were all intraoperative 
and postoperative complications, duration of the operation, hospital stay, the 
rate of ICU admission and the rate of readmission to the hospital. The medical 
files of the included patients were obtained for demographic data, operation 
records, the postoperative course and the pathological report. The following 
comorbidities were recorded: hypertension, diabetes, thyroid disease, 
pregnancy, vascular conditions requiring medication, immunodeficiency, 
renal insufficiency, chronic obstructive pulmonary disease, major cardiac 
disease and malignancy. 
Statistical analysis was performed with IBM SPSS for Windows, version 20.0. 
The Pearson Chi Square test, the Fishers Exact test and the Mann-Whitney 
U test were applied when applicable. Confidence intervals represent 95% 
confidence. 

Strategy with routine use of endostapler
N=571 (55%)

Appendectomy with endoloops
N=396

Strategy with routine use of endoloops 
N=465 (45%)

Appendectomy with endostapler
N=69

Included patients
N=1036

Laparoscopic appendectomy
N=1163 Excluded patients

Method of stump closure unclear N=67
Elective procedure N=40

Incidental appendectomy N=14
Secondary inflammation N=6

Figure 1. Flowchart of patient inclusion 

Results
Between 1-1-2007 and 30-6-2011, 2095 patients underwent appendectomy 
in the five participating hospitals. In 932 patients, appendectomy was 
performed with an open procedure (44%). 127 laparoscopic appendectomies 
were excluded because the method of stump closure was unclear (67), the 
procedure had been elective (40), the appendectomy had been incidental 
during a larger procedure (14) or the appendicitis was secondary to an 
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adjacent inflammatory process (6). 1036 patients were included (Figure 
1). These patients were assigned to two groups, according to the followed 
strategy. In 571 (55%) patients, appendectomy was routinely performed 
with the use of an endostapler. In 465 (45%) patients, the routine method 
of securing the stump was with endoloops. The endostapler was used on 
indication in 69 patients in this group (15%). The reported reasons for 
conversion from endoloops to the endostapler were inflammation of the 
appendiceal base (30), perforation of the base (11), retrograde removal 
because of adherence of the appendix (9) and slippage from the endoloops 
(4). In 15 patients, the reason for conversion to the use of the endostapler 
was not stated.
The two groups were not significantly different for gender (48% vs. 43% 
male), age (medians 38 vs. 36 years) and comorbidities (17 vs. 27%). The 
number of patients who had prior abdominal surgery (9 vs. 15%) and the 
surgical expertise between the two groups were significantly different. In 
most operations, a trainee was the principle surgeon (57% vs. 90%, p<0.001, 
Table 2). 

Table 1. Demographic data   
Strategy with 
routine 
endostapler

N=571

Strategy with 
routine 
endoloops 

N=465

p

Male/female ratio 276 (48%)/295 202 (43%)/263 0.118

Age (median) 36 34 0.077

Comorbidities 96 (17%) 91 (20%) 0.257

Prior abdominal surgery 51 (9%) 71 (15%) 0.002

The histopathological diagnoses and the numbers of perforated appendicitis 
were equally distributed between the two groups, yet there were more 
normal appendectomy specimens in the endoloops group.  
The operative time did not differ significantly between the two groups 
(medians 58 vs. 60 minutes). The prevalence of intraoperative complications 
was not significantly different between the groups: bleeding of the 
appendicular artery (6.5% vs. 4.1%, p=0.098), trocar site bleeding (2.3% 
vs. 1.3%, p=0.352), serosal injury (0.7% vs. 1.1%, p=0.525) and caecal 
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perforation (0.5% vs. 0.2%, p=0.632) occurred in both groups. Endostapler-
related complications were non-functioning of the endostapler in 18 patients 
(3.2%), bleeding of the stapled appendiceal stump (1.2%) and purulent spill 
at the time of stapling (0.5%). In the endoloops group, recorded complications 
were purulent or faecal spill at the time of dissecting the appendix (3.4%), 
insufficient closure of the stump requiring laparoscopic suturing (1.3%) and 
slipping of the endoloops from the appendiceal stump (0.9%). 

Table 2. Operative characteristics 
Strategy with 
routine 
endostapler
N=571

Strategy with 
routine 
endoloops 
N=465

p

Operative time (minutes, median) 58 60 0.297
Surgical staff 
Consultant with trainee
Trainee  supervised by consultant
Consultant only
Trainee with trainee 
Trainee only  

19
77
122
139
108

28
294
125
89
35

0.000

Abdominal pus 
Localised 
Diffuse  

93 (16.3%)
16 (2.8%)

88 (19.9%)
10 (2.3%) 

0.300

Histopathology 
Normal
Acute/flegmonous inflammation 
Gangrenous inflammation
Other pathology 

11 (1.9%)
447 (78.3%) 
84 (14.7%)
29 (5.1%)

29 (6.2%)
342 (73.5%)
72 (15.5%)
22 (4.7%)

0.004

Perforation intra-operatively
No perforation 
Perforation 
Perforation at time of removal 
Unknown 

488 (85.5%)
53 (9.3%)
21 (3.7%)
9 (1.6%) 

387 (83.2%)
32 (6.9%)
21 (4.5%)
25 (5.4%) 

0.364*

Specimen extraction
Through trocar
Through skin (endobag)
Unknown

216 (37.8%)
316 (55.3%)
39 (6.8%)

176 (37.8%)
227 (48.8%)
62 (13.3%)

0.350*

Intraoperative complications
Bleeding appendicular artery
Trocar site bleeding 
Organ lesion 

37 (6.5%)
13 (2.3%)
7 (1.2%)

19 (4.1%)
6 (1.3%) 
6 (1.3%)

0.098
0.352
1.000

Postoperative antibiotics 
None
1 day
>1 day
Unknown

226 (39.6%)
147 (25.7%)
125 (21.9%)
73 (12.8%)

323 (69.5%)
22 (4.7%)
94 (20.2%)
26 (5.6%) 

0.000

*p value calculated with exclusion of unknown cases 
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Readmission was recorded in 4.6% and 5.8% of the patients (p=0.396, 
Table 3). The most common reason for readmission was the presence of an 
intra-abdominal abscess. The rate of intra-abdominal abscesses (3.2% vs. 
4.3%, p=0.406) and wound infections (0.4% vs. 1.5%, p=0.087) favours the 
endostapler group, albeit for both outcomes not significantly. The numbers 
of postoperative paralytic ileus (2.5% vs. 2.2%, p=0.837) and trocar site 
hernia (0.9% vs. 0.9%, p=0.979) were not significantly different between the 
groups either. 
In both groups, 14 patients underwent percutaneous drainage of an intra-
abdominal abscess (2.5% vs. 3.0%, p=0.701). Relaparoscopy was performed 
in 1.1% (endostapler) and 1.5% (endoloops) of the patients (p=0.581), 
while laparotomy was necessary in 0.7% and 0.4% of the patients (p=0.696) 
respectively. Admission to the ICU was required in 0.5% and 1.1% (p=0.479). 
One patient in the endoloops group died because of bowel ischemia with 
unknown cause. 
Analysis of the group of patients converted from endoloops to endostapler 
(N=69), revealed abdominal pus in 30 patients (43.5%) and appendiceal 
perforation, diagnosed intra-operatively, in 22 patients (31.8%). The 
postoperative course of this group of patients was more complicated. 
Readmission was necessary in 5 patients (7.2%) because of a higher 
prevalence of intra-abdominal abscesses (10.1%), wound infection (4.3%) 
and paralytic ileus (2.8%). 

Table 3. Outcomes 
Strategy with 
routine endostapler
N=571

Strategy with 
routine endoloops 
N=465

p

Admission (days)
Median 2 2 0.173
ICU admission 3 (0.5%) 5 (1.1%) 0.479
Readmission 26 (4.6%) 27 (5.8%) 0.396
Postoperative bleeding 10 (1.8%) 4 (0.9%) 0.283
Intra-abdominal abscess 17 (3.0%) 20 (4.3) 0.313
Wound infection 2 (0.4%) 7 (1.5%) 0.087
Paralytic ileus 14 (2.5%) 10 (2.2%) 0.837
Trocar site hernia 5 (0.9%) 4 (0.9%) 1.000
Diagnostic measures 
CT
Ultrasound 

34 (6.0%)
45 (7.9%)

34 (7.3%)
44 (9.5%)

0.381
0.375
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A subgroup analysis was performed for patients with either perforated or 
non-perforated appendicitis. This analysis did not reveal any significant 
differences in the prevalences of intra- and postoperative complications 
(Table 4).  
A regression analysis was performed for risk factors for intra-abdominal 
abscess formation. The univariate analysis revealed that localised intra-
abdominal pus (OR 2.53), the use of the endostapler on indication (OR 
3.53), appendiceal perforation (OR 2.69), appendiceal perforation at the 
time of removal (OR 5.91) and postoperative antibiotics more than one day 
(OR 4.38) were significant univariate predictors (p<0.05). These variables 
were multivariately analysed along with the variable male gender (OR 1.75, 
p<0.20). In the multivariate model, appendiceal perforation at the time of 
removal (OR 3.30 CI 1.19-9.16) and postoperative antibiotics more than one 
day (OR 3.24 CI 1.18-8.90) were significant predictors for intra-abdominal 
abscess formation. The use of endoloops or endostapler was not a significant 
predictor, neither on indication nor as routine.

Table 4. Complications per histopathological subgroup 
Other or no 
appendiceal 
pathology 

Acute 
non-perforated 
appendicitis 

Acute perforated 
appendicitis

Stapler
N=40

Loops 
N=51

Stapler
N=467

Loops 
N=364

Stapler 
N=64

Loops 
N=50

Postoperative bleeding 2 (5.0) 0 (0.0) 7 (1.5) 1 (0.3) 1 (1.6) 3 (6.0)
Intra-abdominal abscess 1 (2.5) 1 (2.0) 13 (2.8) 15 (4.1) 4 (4.7) 3 (8.0)
Wound infection  0 (0.0) 2 (3.9) 2 (0.4) 3 (0.8) 0 (0.0) 2 (4.0)
Paralytic ileus 2 (5.0) 0 (0.0) 7 (1.5) 4 (1.1) 5 (7.8) 6 (12.0)
Readmission 3 (7.5) 3 (5.9) 15 (3.2) 20 (5.5) 8 (12.5) 4 (8.0)

Values in parentheses are percentages

Discussion

The routine use of endoloops for securing the appendiceal stump in 
laparoscopic appendectomy does not lead to a significantly higher rate of 
intra-abdominal abscesses and wound infections, compared to the routine 
use of an endostapler. In this study, there were no significant differences for 
the operative time and intraoperative and postoperative complications. We 
therefore conclude that the higher costs of routine use of the endostapler 
might not be justified in the light of its clinical benefits.  
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This study included patients operated with either the endostapler or 
endoloops, based on the hospital protocol. When the operation records 
reported the use of an endostapler in a hospital where endoloops were the 
standard, the patient was analysed in the endoloops group, according to the 
followed strategy. In most patients, it was clear from the operation records 
why the endostapler had been used.  

Due to the retrospective nature of this study, complications may have 
been underreported in some of the participating centres. Intra-operative 
complications may or may not have been noted in the operation records, 
depending on the quality of the analysed records. The same applies for 
postoperative complications that did not require readmission or diagnostic 
investigations, including wound infection and paralytic ileus. In fact, only 
two cases of wound infection were recorded in the endostapler group, while 
the rate in the endoloops group (1.5%) was higher than the rate in the latest 
Cochrane meta-analysis on this subject [1].
Two of the operation parameters are in favour of the endoloops group. In 
the endostapler group, more patients are operated by trainees. This might 
have caused an increase in both the operative time and the prevalence of 
complications. In the endoloops group, more normal appendices were 
resected. The removal of a normal appendix might lead to fewer intraoperative 
complications than removing an inflamed or perforated appendix, and 
will therefore benefit both the operative time and the prevalence of 
postoperative complications. However, neither the surgical expertise nor the 
histopathological diagnosis was correlated to the prevalence of abdominal 
abscesses in an univariate analysis. The antibiotic regimen was in favour 
of the endostapler group. In one of the teaching hospitals, antibiotics were 
routinely administered until one day postoperatively. There was no standard 
nationwide regimen for the antibiotic treatment of a perforated appendix. 
The higher number of patients receiving postoperative antibiotics in the 
endostapler group may have influenced our results. We corrected for the 
postoperative administration of antibiotics by multivariate analysis. A one 
day regimen did not lead to fewer intra-abdominal abscesses. Administration 
of more than one day (usually three or five days) was a significant predictor 
for intra-abdominal abscesses, since this regimen is preferred after the 
finding of either a perforated appendix, intra-abdominal pus, appendiceal 
perforation at the time of removal and for gangrenous non-perforated 
appendicitis in some patients. Because of the wide range of indications for 
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postoperative antibiotics, the antibiotic regimen was a strong predictor 
for intra-abdominal abscesses that we could not correct for. Fleming and 
colleagues found contaminated/dirty wounds to be a strong predictor 
for intra-abdominal abscess in their very large series on both open and 
laparoscopic appendectomies [7].
Conversions were excluded from this study. Laparoscopic appendectomy 
converted to an open procedure is most likely caused by either the inability 
to localise the appendix, or the inability to mobilise an appendiceal infiltrate. 
Conversion is unlikely the result of insufficient stump closure: in this series 
we found one patient in whom the appendectomy was converted because 
the stapled appendiceal stump appeared insufficient.  
A non-statistical difference is not a demonstration of equivalence. Beldi and 
colleagues have published a large prospective non-randomised series on 
this subject in 2006. In their study, they present a lower prevalence of intra-
abdominal abscesses in the endostapler group, albeit not significant either. 
The operative time in their series was 1.7 minutes shorter in the endostapler 
group, comparable to our findings. A subgroup analysis of patients with 
acute non-perforated appendicitis revealed a significant decrease in the 
prevalence of intra-abdominal abscesses in favour of the endostapler group 
[3]. In contrast, Sahm and co-workers found a lower prevalence of intra-
abdominal abscesses (1.6%) after the use of endoloops in a retrospective 
series (N=1790), yet appendectomy with the endostapler was only performed 
in 46 patients in their series [8]. In order to find a significant difference for 
a 1.3% decrease in the prevalence of abdominal abscesses, more than 6000 
patients would have to be included – or over 2500 for a 2.4% decrease with 
a combined endpoint of abdominal abscesses and wound infections. These 
large numbers indicate that the routine use of the endostapler might not lead 
to cost-effective practice. Although the routine use of the endostapler might 
result in a better clinical outcome, the higher costs do not seem justified. 

References

1.  Sauerland S, Jaschinski T, Neugebauer EA. Laparoscopic versus opensurgery for suspected 
appendicitis. Cochrane Database Syst Rev 2010;(10):CD001546.

2. Kazemier G, In’t Hof KH, Saad S, Bonjer HJ, Sauerland S. Securing the appendiceal 
stump in laparoscopic appendectomy: evidence for routine stapling? Surg Endosc 2006; 
20(9):1473-1476.

3.  Beldi G, Vorburger SA, Bruegger LE, Kocher T, Inderbitzin D, Candinas D. Analysis of 
stapling versus endoloops in appendiceal stump closure. Br J Surg 2006; 93(11):1390-
1393.



49

4.  Nottingham JM. Mechanical small bowel obstruction from a loose linear cutter staple 
after laparoscopic appendectomy. Surg Laparosc Endosc Percutan Tech 2002; 12(4):289-
290.

5.  Kuehnel F, Marusch F, Koch A, Gastinger I. Retained loose linear cutter staples after 
laparoscopic appendectomy as the cause of mechanical small bowel obstruction. Int J 
Colorectal Dis 2007; 22(6):717-718.

6.  Sajid MS, Rimple J, Cheek E, Baig MK. Use of endo-GIA versus endo-loop for securing the 
appendicular stump in laparoscopic appendicectomy: a systematic review. Surg Laparosc 
Endosc Percutan Tech 2009; 19(1):11-15.

7.  Fleming FJ, Kim MJ, Messing S, Gunzler D, Salloum R, Monson JR. Balancing the risk of 
postoperative surgical infections: a multivariate analysis of factors associated with 
laparoscopic appendectomy from the NSQIP database. Ann Surg 2010; 252(6):895-900.

8.  Sahm M, Kube R, Schmidt S, Ritter C, Pross M, Lippert H. Current analysis of endoloops in 
appendiceal stump closure. Surg Endosc 2011; 25(1):124-129.




